Abstract. Genetic variations that predispose individuals to complex disorders, such as essential hypertension, may be found in gene coding regions, intronic regions or in gene promoter regions. Most studies have focused on gene variations that result in amino acid substitutions because they result in different isoforms of the protein, presumably resulting in differences in protein properties. Less attention has been placed on the role of intronic or promoter mutations. In this report, we examined two single nucleotide polymorphisms (SNPs) in the catalase (CAT) gene prompter region in a cohort of hypertensive Caucasians and African Americans with a Mass Spec based Homogenous MassEXTEND assay. We found an association when a specific combination of the two promoter SNPs was examined in Caucasians. No association was observed in African Americans. Our data suggest that genetic variations in the promoter region of catalase gene influence the susceptibility to essential hypertension. In addition, the genetic factors that contribute to hypertension maybe different between ethnic groups.
Introduction
Essential hypertension is an idiopathic elevation of blood pressure. It affects approximately 24% of the adult population in US [1] and is a recognized risk factor for cardiovascular, cerebrovascular and renal disease. Although the etiology of essential hypertension is unknown, it involves the interaction between heritable and environmental factors. The major neurohumoral mechanisms involved in systemic blood pres-sure regulation and hypertensive complications are well understood and include the renin-angiotensin aldosterone system [2] , the sympathoadrenal system [3] , the kallikrein-kinin system [4] and others. There are also numerous enzymes such as catalase [5] affecting the metabolism of local tissue protective or damaging factors [6] , which have been described to contribute to blood pressure dysregulation. The genes for these enzymes are likely candidates for molecular genetic analysis, because their variants may predispose individuals to hypertension.
Numerous studies have demonstrated association between hypertension and polymorphisms of genes such as angiotensin converting enzyme [7] , angiotensinogen [8, 9] , beta2-adrenergic receptor [10] , and alphaadducin [11, 12] in some hypertensive populations. Fewer reports have examined the association between ISSN 0278-0240/05/$17.00  2005 -IOS Press and the authors. All rights reserved promoter mutations and hypertension. Two single nucleotide polymorphisms (SNPs) have been reported in the Catalase gene (CAT), one (CAT-844) being associated with higher blood pressure among a group of Chinese hypertensives [13] and the second (CAT-262) showing association with catalase activity levels in a Swedish population [14] . Catalase regulates the plasma level of reactive oxygen species [5] and together with nitric oxide (NO), it influences angiotensin converting enzyme activation, LDL oxidation, adhesion molecule expression, platelet aggregation, endothelial cell apoptosis, and vascular smooth cell growth [6] .
In this report, we examined these CAT SNPs in a collection of hypertensive Caucasians and African Americans and ethnically matched normotensive controls and found an association with hypertension. Our results suggest that promoter mutations in CAT gene may contribute to the development of essential hypertension.
Materials and methods

Study population
African American patients with essential hypertension were identified from several clinics at the Boston Medical Center, Boston MA USA. Caucasian patients were identified at Tzanion Hospital, Piraeus Greece. All subjects provided informed consent and human subject review boards at both institutions approved this study. Individuals were classified as hypertensive if pretreatment systolic blood pressure was 140 mm Hg, pretreatment diastolic blood pressure was 90 mm Hg, or the individual was being treated for hypertension. A routine clinical evaluation was carried out and, whenever clinically appropriate, additional standard diagnostic procedures were conducted to exclude organic causes of secondary hypertension (eg, renovascular lesions, adrenal tumors). Ethnically matched normotensive subjects older than 55 years were recruited from the same populations from which the hypertensive individuals were ascertained. Given available sample size, to explore candidate gene association study using casecontrol, assuming the high risk allele frequency is 0.3, and prevalence for hypertension is 0.3, and type I error chose 0.05, for all the markers linked to the disease locus at LD (D = 0.8) and allele frequency around 0.3, we will have 0.86 power to detect the association (http://statgen.iop.kcl.ac.uk/gpc/cc2.html).
Genotyping
The genomic DNA was extracted from peripheral blood using Puregene kit (Gentra Systems, Inc). The SNP genotypes were determined with the Homogenous MassEXTEND assay (Sequenom, San Diego, CA) according to the manufacture's instruction, with minor modification. The primers used for experimentation are shown in Table 1 . After PCR amplification of the target regions, non-incorporated dNTPs were removed by shrimp alkaline phosphatase. A detecting primer immediately upstream from the polymorphic site was added together with a specific combination of deoxy and di-deoxy dNTPs and Thermosequanase (Amersham). The extension reaction was performed according to the manufacturer's protocol (94
• C 2 min, followed by 80 cycles of 94
• C 5 sec, 52
• C 5 sec, 72
• C 5 sec). The extension products were then analyzed by mass spectrometry (Sequenom, San Diego, CA).
Statistical analysis
Differences between cases and controls were assessed using t-tests (age, body mass index, age at onset of hypertension) or chi square tests (kidney disease (yes/no), diabetes (yes/no), coronary heart disease (yes/no) and stroke (yes/no)). Allele and genotype frequencies were compared between hypertensive and control individuals for each ethnic group by a χ 2 test. To explore linkage disequilbrium and to predict haplotypes for the two SNPs in the catalase promoter we used Arlequin 2.0 (http://lgb.unige.ch/arlequin/). We obtained maximum likelihood estimates of haplotype frequencies by implementing the expectationmaximization (EM) algorithm in Arlequin 2.0. These haplotype frequencies were used to compute a standardized measure of linkage disequilibrium coefficient, D'. The haplotype frequency distributions were compared between hypertensive and normotensive groups.
Specific combinations of genotypes for the two SNPs in the catalase were assessed using logistic regression. Different genetic models were explored. For example, we assumed a recessive mode of inheritance for CAT-844 and a dominant mode of inheritance for CAT-262. In this model individuals with genotype AA at CAT-844 and with at least one T at CAT-844 were hypothesized to have increase odds of hypertension. The reference group in this case would be individuals who are not homozygous (AA) at the first SNP but who are homozygous (CC) at the second SNP. Other models (e.g. recessive mode of inheritance at both SNPs, dominant mode of inheritance at both SNPs) were evaluated by altering the coding scheme to define the appropriate comparison groups. All logistic regression analyses were conducted using SAS v8.2.
Results
Study population
Clinical information was collected from 100 hypertensive and 93 normotensive Caucasian subjects and 120 hypertensive and 98 normotensive African American subjects ( Table 2 ). The normotensive and hypertensive groups from each population were of similar age. Caucasian hypertensive subjects had a higher mean BMI than the their normotensive counterparts (p < 0.01) but there was no difference in the frequency of kidney disease, diabetes, coronary heart disease. In contrast, African American hypertensive subjects had a significantly higher frequency of diabetes (p < 0.01), stroke (p < 0.01) and kidney disease (p < 0.05) than normotensive controls.
Association studies with the CAT-844 and CAT-262 SNPs
Shown in Table 3 are the allele and genotype frequencies for the two CAT SNP's in the hypertensive and normotensive groups. No association between hypertension and CAT-844 (p = 0.81 for Caucasians and 0.40 for African Americans) or with CAT-262 (p = 0.43 for Caucasians and 0.39 for African Americans) in either population was observed. Similarly, no association was observed when comparing the genotype frequency (p = 0.13 and 0.10 for CAT-844 and p = 0.38 and 0.37 for CAT-262 for Caucasian and African American, respectively). Table 3 also highlights ethnic differences among the frequencies of these alleles. The allele frequency of CAT-844 in the Caucasian (G: 36.2%) and African American population (G: 41.1%) were similar to each other but differs from that reported 15 for the Chinese hypertensive cohort (G: 68.4%). The frequency of the CAT-262 SNP in the Caucasian population (T: 21.7%) was similar to that reported 16 for a Swedish population (T: 28.7%). African American population contained predominantly C alleles (95.1%). In Caucasians, the two SNPs, CAT-262 and CAT-844, were in linkage disequilibrium (r 2 = 0.146). Haplotype analysis using the catalase SNPs was performed only in the Caucasian population because of the low frequency of the CAT-262 allele in African Americans. Given the disequilbrium between the two SNP's only three haplotypes are predicted (Table 4) . There was no difference between the estimated haplotype frequencies in hypertensives and normotensives (p = 0.68) indicating no association with hypertension.
A logistic regression test was performed to evaluate genotype combinations (dominant-dominant, domin- ant-recessive, recessive-dominant, recessive-recessive) between the two SNPs. There was an increased odds for hypertension (OR = 2.158, p = 0.0339) when assessing a recessive effect for CAT-844 (AA) and dominant effect for the CAT-262 (T). An increased odds for hypertension was also observed when fitting a recessive effect for both SNPs, CAT-844 (AA) and CAT-262 (TT). This increase was not statistically significant (OR = 3.035, p = 0.18), however, likely due to the small number of individuals that were homozygous for the alleles specified in this model.
Discussion
In this report, we assessed the association between SNPs in the promoter region of the CAT genes and essential hypertension in Greek Caucasians and African Americans. An association was found with the specific genotype combination of CAT-844 homozygous AA together with CAT-262 CT or TT. This association was found in Caucasians only. However, the observation between catalase and hypertension in Caucasians appears to be complex and not evident when individual allele frequency or haplotypes were examined. This may be due to lack of power to detect complex interactions between SNPs.
An association between CAT and hypertension is consistent with a study in China showing association of individuals homozygous for CAT-844 AA and elevated blood pressure [13] . However, the CAT-844 G allele is more frequent in this Chinese population (68.4%) than the two groups reported here (41.1% for African Americans and 36.2% for Caucasians). This may be due to population differences or selection bias in the Chinese sample which included hypertensive subjects only. The CAT-262 SNP has not been previously examined with respect to blood pressure values, although the CAT-262 T allele is associated with higher expression level of the catalase gene [14] .
The CAT-844 SNP lies within several predicted transcription factor recognition sites in the promoter region. The G allele contains putative MZF1 and AP2 binding sites, whereas the A allele contains putative Ikaros-2 and LYK-1 binding sites [13] . In addition, the CAT-262 SNP lies near putative cis-acting sequences for AP-1 and Sp-1 and each form of the SNP has been shown to result in a different nuclear protein binding patterns as well as differences in transcriptional activity [14] .
In conclusion, our data suggest that genetic variations in the promoter region of catalase gene influence the susceptibility to essential hypertension. Our results suggest that individual SNPs may not be as important as the specific interaction among several SNPs. We also find that the genetic factors that contribute to hypertension are likely to be different between ethnic groups. Further studies of SNPs in a large number genes involved in blood pressure regulation will be required to identify the full array of genetic factors that cause hypertension.
